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ABSTRACT
Metzmaker, Janice B., M.S., June, 1983

Environmental Studies

An Investigation into the Potential for a Giardia lamblia
Contamination in the Rattlesnake NRAW
Director:

R.R. Ream

The purpose of this study was to determine if the org
anism Giardia lamblia was present in the indigenous beaver
population of Rattlesnake Creek and in the water which
serves as the municipal supply for Missoula, Montana. 118
beaver fecal samples were microscopically examined over a
three year period. Nine instream filters were examined to
detect free-floating organisms. Bacteriologic samples
were also analyzed to determine baseline water quality con
ditions.
r No Giardia cysts were discovered in any beaver fecal sam
ples or filter samples, however, fifty per cent of the dog
fecal samples collected by the Lolo National Forest did
contain Giardia cysts.
Designation of the Rattlesnake watershed as a National
Recreation Area and Wilderness (NRAW) and the influx of
dispersed recreationists and their dogs may place the water
system at risk. The inadequate disposal of waste in the
vicinity of Rattlesnake Creek may present a water quality
problem. Simple chlorination of the municipal water supply
may not be an adequate barrier to prevent a Giardia contam
ination.
Recommendations to prevent a Giardia epidemic are pro
vided as part of'the Lolo National Forest's Rattlesnake
Management Plan.
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INTRODUCTION

Much of the year-round recreation in Western Montana
occurs on National Forest land.

Recently, recreation-

oriented areas in the West, including Montana have reported
outbreaks of the disease giardiasis.
The organism responsible for the epidemics, Giardia
lamblia. is a universal pathogenic protozoan which inhabits
the intestines of man and other animals.

Transmission is

generally waterborne and associated with people who drink
untreated water.

The organism occurs in two stages, the

trophozoite (active) and the cyst (infective).

The cyst is

enclosed by a resistant wall which enables it to survive for
long periods of time outside the host until ingested by a
new source.

Once ingested, the cyst begins to divide and

forms trophozoites which attach themselves to the host's
intestinal wall via a large ventral sucking disk.

Cysts

are shed via the feces which in turn serve as a reservoir
for infecting others.

The ingestion of as few as ten cysts

can result in infection (Rendtorff, 1979)*
The individual who is infected with giardiasis may ex
perience varying degrees of symptoms.

In the acute stage

there is the sudden onset of explosive, watery, foul diar
rhea, marked abdominal distention, foul gas, belching, nau
sea, anorexia, vomiting, fatigue, cramps (Wolfe, 1979) and
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weight loss (Craun, 1975)•
three to four days.

This stage usually lasts only

In some cases, however, the acute

stage may last two to three months (Craun, 1979)•
The sub-acute or chronic stage may result in persistent
or recurrent mild to moderate symptoms.

Patients with mild

symptoms may not seek medical assistance and could unknow
ingly be carriers of the disease.
According to Meyer and Jarroll (1980), the asymptomatic
giardiasis appears to occur more frequently.

The non-acute

patient has recurrent or less commonly persistent brief epi
sodes or symptoms (Wolfe, 1979)»

These individuals may pass

cysts of an undetermined rate or duration and could infect
others (Meyer and Jarroll, 1980? Wolfe, 1979)*

The asympto

matic case is less likely to be detected and may be epidemiologically more significant than the symptomatic (Meyer and
Jarroll, 1980).
To treat giardiasis, three drugs are usually prescribed.
Quinacrine is the most widely prescribed and has a cure rate
of 95 P er cent (Wolfe, 1979)•

The other two drugs, Furaz-

olidine and Metronidazole (Flagyl) are less widely used and
not as effective.

There have been questions raised as to the

possible carcinogenic nature of the drugs and adverse side
effects.

None of the drugs is recommended for pregnant women.

The recommended diagnostic procedure is three separate
stool samples over a week long period (Meyer and Jarroll,
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1980).

The samples are examined microscopically for evi

dence of Giardia cysts.
Giardia is the most common parasite in the United States
(Davies and Hibler, 1979? Jarroll, Bingham and Meyer, 1980;
Wolfe, 1979)*

According to the Center for Disease Control

(CDC) Annual Report, there were four giardiasis outbreaks
involving 5171 cases in 1978} seven outbreaks resulting in
5864 giardiasis cases in 1979; and seven outbreaks affecting
1724 individuals in 1980 (CDC, 19805 1981? 1982).

Davies

(1981) noted that seventy outbreaks of giardiasis have occur
red since 1965 and Gerardi (1981) believes that 3~7 per cent
of the adults in the United States are infected with Giardia.
In Montana, 780 people contracted giardiasis from the city
water supply in Red Lodge during the summer of 1980 (Weniger
et al., 1981).
Missoula County has not escaped the upsurge in giardiasis
cases.

Twenty-one cases were diagnosed in 1979; 36 cases

in 1980? 53 cases in 1981 and 35 cases in 1982 were reported
to the Missoula City-County Health Department (DeCou, person
al communication).

The 1982 figure is considered to be low

according to DeCou (personal communication) because of a
computer breakdown in the physicians' reporting service.
In 1981, Rattlesnake Creek was the suspected source of
three giardiasis cases.

One case was an elderly person who

drank nothing but city water.

The other two cases involved

recreationists who drank water in the Rattlesnake watershed.
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Water from Rattlesnake Creek serves as the main water source
for residents of kissoula, Montana.
The purpose of this paper is to examine the effects of
recreation in a municipal watershed (the Rattlesnake) and
determine if there is a possibility of a Giardia contamin
ation.

Study Area

The Rattlesnake watershed encompasses 80 square miles in
a rugged area seventy miles west of the continental divide.
The creek headwaters lies 17 miles north and four miles east
of Missoula in several glacial cirques.

It flows south-south

west through a scenic gorge where it empties into the Clark
Fork River at Missoula.

(See Map A).

According to Lee Mag-

one, Manager of the Mountain Water Company, water is provided
to approximately 16,000-17»000 businesses and households in
side and outside Missoula's city limits.

Mountain Water owns

and operates the water treatment and distribution facilities.
Rattlesnake Creek water is combined with well water and treat
ed with chlorine and ammonia.

The finished product has a

residual of 0.4-0.5 parts per million chlorine as it leaves
the water treatment plant at Waterworks Hill (Magone, person
al communication).

A chlorine level of 0.2 parts per million

is the lowest acceptable limit for treated water.
The Rattlesnake drainage is designated "A-Closed by

MAP A
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Rattlesnake National Recreation Area and Wilderness
(as approved in Bill (S.3072) on October 19,1980)
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the Montana State Department of Health and Environmental
Sciences, meaning it is "suitable for use after simple
disinfection.

Public access and activities such as live

stock grazing and timber harvesting should be strictly
controlled under conditions prescribed by the State Board
of Health.

It is classified A-Closed where access is pres

ently controlled by the utility owner" (Interim Handbook
on Federal and State Laws, 1967)•
On October 19» 1980, the United States Congress des
ignated the Rattlesnake National Recreation Area and Wilder
ness (RNRAW).

Due to its proximity to the City of Missoula,

part of the area is an urban-oriented park and receives a
substantial amount of use.

Eighty per cent of the total

visitation occurs within three miles of the Sawmill Gulch
entrance gate (McCool and Kelley, 1977)•

The intake for the

city water system is located about one mile below the entrance
gate.
According to Corti et al. (1982), two-thirds of the
recreationists visiting the National Recreation Area used
the Main Rattlesnake Trail.

Since the trail system often

parallels Rattlesnake Creek, a disproportionate amount of
recreational activity is being concentrated along the stream.
Waterborne outbreaks of giardiasis have occurred pri
marily in municipalities in mountainous areas where sur
face water is used as a domestic source.

The water sources

were relatively free of human sewage contamination and of

good bacterial quality (Craun, 1980; Gerardi, 1982).
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Num

erous sources have noted that water systems where chlorination was the primary means of disinfection were more sus
ceptible to Giardia epidemics (Craun, 1980; Gerardi, 1982;
Lippy, 1981; Logsdon and DeWalle, 1981).

Meyer and Jarroll

(1980) stated that most outbreaks of giardiasis have occur
red in areas where the water temperature was "cool or cold".
Unfortunately all of these traits characterize Rattlesnake
Creek water.
This paper reports the results of a three year study
to determine if the parasite Giardia lamblia is harbored
in the indigenous beaver population of Rattlesnake Creek.
Beaver may become infected with Giardia when cysts are washed
or deposited into a body of water.

Because beaver carry the

infection for at least three months and defecate into the
water where Giardia cysts can survive for long periods of
time, beaver are considered to be an important reservoir of
infection (Davies and Hibler, 1979)*
This paper also reports on the monitoring of the bacter
iologic quality of those areas frequented by outdoor recrea
tionists.

This information will help assess the impact of

heavy recreation use upon the water quality of Rattlesnake
Creek and one of its major tributaries, Spring Gulch.
The Lolo National Forest is charged with managing the
RNRAW.

The Forest is greatly concerned with the problem of

dispersed recreation impact and improper waste disposal in
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the vicinity of Rattlesnake Creek.

This concern prompted

these initial studies.
Another important factor in the epidemiology of giardi
asis is the presence of dogs in the watershed.

They too are

capable of carrying and transmitting the disease.

Dogs

often accompany recreationists into the RNRAW and could
substantially impact the water quality of Missoula's muni
cipal supply.
Discussion focuses on the problems inherent with mana
ging a municipal watershed for recreational purposes and
the difficulties encountered while studying the organism
Giardia.

The adequacy of the Mountain Water water treat

ment facility in preventing a Giarida epidemic is also dis
cussed.
Water quality guidelines are recommended for the Rattle
snake Management Plan being prepared by the Lolo National
Forest.

9
LITERATURE REVIEW

Sampling Beaver for Giardia

Beaver are an important reservoir for Giardia infection.
When contaminated stools are deposited in a stream, the cysts
ability to survive in water is dependent upon temperature.
At 8°G, Giardia cysts survive for more than two months, at
21° G, the survival period is one month and at 37°C, they can
survive four days (Craun, 1980? Gerardi, 1982; Jarroll et al.,
O

1981; Meyer and Jarroll, 1980).

In 4 C water, cysts can

survive for more than three months (Davies, 1981).
In 1976, approximately ten per cent of the population of
Camas, Washington exhibited clinical signs of a Giardia in
fection (Kirner et al., 1978).

Three out of four beavers

trapped in the Camas municipal watershed were positive for
Giardia.

One of the live-infected beavers was sent to the

Wild Animal Disease Center Pathology Laboratory at Colorado
State University where fecal extracts from the infected
beaver were fed to four pathogen-free beagles.
beagles became infected (Dykes et al., 1980).

All four
Giardia cysts

recovered from the trapped beavers and from the Camas muni
cipal watershed appeared to be morphologically identical to
the Giardia specimens obtained from the infected humans
(Dykes et al., 1980).

This was the first substantiated case
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of wild animals contaminating a human population with Giardia
(Davies and Hibler, 1979? Dykes et al., 1980; Gerardi, 1982;
Kirner et al., 1978).
As a result of the Center for Disease Control's invest
igation of the epidemic, it was learned that humans can hecome infected not only by Giardia from a human source, but
also by Giardia from other animals.
Literature prior to 1976 indicated that Giardia species
were host specific (Levine, 1979)» however, cross transmis
sion research has proven that Giardia cysts can be trans
mitted to humans from dogs, rats, gerbils, raccoons, beaver,
deer, bighorn sheep, antelope (Davies and Hibler, 1979) and
cats (Davies, 1976).
In 1977* another giardiasis outbreak infected 7>000 of
15,000 residents of Berlin,New Hampshire (Lippy, 1979)•

Of

four beaver trapped in the municipal watershed, one was in
fected with Giardia cysts.

Beaver were once again implicated

in a giardiasis epidemic.
The trapping of suspect beaver often results in the death
of the animal and therefore limits its usefulness in future
studies.

Alternatives to trapping and sacrificing beaver

were suggested by Lippy (1979) of the Health Effects Research
Laboratory, EPA.

He suggested either live-trapping to enable

researchers to study beaver while in captivity or collecting
beaver fecal specimens from the streams.

Maintaining a live

beaver in captivity entails a great deal of time, expense
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and expertise.

Beaver can "be infected and not shed cysts

(Lippy, 1979? Davies and Hibler, 1979) indicating that a cap
tive beaver may have to be studied for an extended period of
time before cysts are evident in fecal samples.
According to Dr. Charles Hibler, Director of the Wild
Animal Disease Center, Giardia cysts are very fragile.

When

deposited in a stool they begin to collapse in a matter of
hours.

A combination of temperature and drying destroys

cysts.

In cold water the cyst-infected stools are able to

survive for several months and thus lend themselves to
collection and microscopic examination.
Generally, beaver are not found positive for Giardia un
til mid to late summer and fall.

They shed cysts more con

sistently in fall, winter and spring, but not as well in sum
mer (Hibler, personal communication).

Beaver fecal samples

collected by Davies (1981) were rarely positive in spring,
however, as the year progressed, more samples were positive
for Giardia.

This suggests that beaver lose their Giardia

infections over winter and become re-infected the following
summer (Davies, 1981? Davies and Hibler, 1979? Hibler, per
sonal communication).

Davies (1981) found that fifty per

cent of the beaver samples collected from river drainages in
his Colorado study areas during the month of September were
positive for Giardia.
About 25 per cent of the beaver fecal samples examined by
Hibler at the Wild Animal Disease Center were infected with
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Giardia and that percentage is increasing all the time (Hib
ler, personal communication; Newman, 1981).

Hibler (per

sonal communication) believes that beaver are the source of
most wildlife infections through water.

The question arises

as to how beavers acquire and reacquire Giardia infections
since giardiasis is not a naturally occurring disease.

Davies

(1981) and Dykes et al. (1981) believe that beaver may ac
quire their infections from humans.

A consistent finding

in all watersheds examined by Davies (1981) was the presence
of human fecal material within twenty-four inches of open
water or often in the water itself.

This overall lack of

sanitation by humans would appear to be the main reason
giardiasis continues to be a problem in Colorado.

In Colo

rado, eight per cent of the population has contracted the
disease and close to thirty per cent of the population who
use the back country and have drunk the water are carriers
according to Hibler (personal communication).
There appears to be a cycle occurring where people con
taminate watersheds by inadequately disposing of waste which
in turn enters the stream and infects the beaver.

The beaver

contaminate the water which is consumed by thirsty hikers.
If the beaver reside in a stream which feeds a municipal sup
ply, a large scale epidemic may result.

In today's outdoor

oriented society, this cycle has important implications for
recreation areas and municipal water supplies.
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Instream Filtering

In 1976 the Health Effects Research Laboratory of the
EPA developed a portable water sampling device to detect
Giardia cysts (Gerardi, 1982; Jakubowski and Ericksen, 1979;
Robeck, 1979; Williams, 1981).

By utilizing the EPA proce

dure, cysts were detected in water from Granby, Colorado;
Eagle County, Colorado; Hot Springs, Colorado; Berlin, New
Hampshire; Camas, Washington and Vail, Colorado (Jakubowski
and Ericksen, 1979)*

This technique used an orlon yarn wound

filter which has a porosity of seven microns.

The filter is

incorporated into a plastic holder which is connected to in
let and outlet hoses and a flow meter (Wiliams, 1981).

This

system requires pressurized water, either a faucet connection
or pump in order to operate.
According to Gerardi (1982), filtration techniques for
high volume sampling can be employed and have been successful
in detecting the presence of Giardia cysts in large volumes
of water.

The techniques do not require the transportation

of large volumes of water to the laboratory for examination
nor the shipment of bulky equipment to the site.

The innov

ations developed by the EPA have significantly reduced equip
ment requirements and procedural complexity (Jakubowski et
al., 1978).
The Watershed Systems Development Group of the Forest
Service has done extensive research on the waterborne aspects
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of Giardia.

Their modification of the EPA technique util

izing a portable flume device is especially applicable to
a wildland setting (Williams, 1981).

Bacteriologic Sampling

Lee, Symons and Robeck (1970) recommended that water
sheds with higher levels of human use be studied to indicate
at what level of human use an influence on indicator organism
densities can be determined.

There are conflicting views,

however, concerning the actual impact recreational activity
has on the bacteriologic quality of water.

Previous studies

on the microbiological content of water have shown that rec
reational activities, by humans Have had little harmful effect
on the water quality.
Aukerman and Springer (1976) studied the effect of rec
reation on water in Colorado and found that higher concentr
ations of users were not creating higher concentrations of
pollution.

Pollution by campers was insignificant when

compared to existing water quality standards.

McFeters

(1975) concluded that man was not responsible for any con
sistent large scale contamination of waters within his study
areas in Grand Teton National Park, Wyoming.

Another study

in Grand Teton National Park showed that water quality was
not influenced appreciably by human use (Stuart et al., 1976).
Lee, Symons and Robeck (1970) point out that increases
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in human populations in their study areas in Washington were
insufficient to produce an influence on water quality.
Stuart et al. (1971) found that opening a watershed which
was previously protected from human recreation resulted in
an increase in water quality.

It was postulated that an

increase in human activities drove animals out of the water
shed and led to a decrease in the level of indicator bact
eria.
Other studies have detected decreases in water quality
and attributed them to recreational activity.

King and

Mace (1974) found that recreational use of campsites in the
Boundary Waters Canoe Area seemed to affect the total coliform bacteriologic populations.

Barbaro et al. (1969)

found significant increases in fecal coliform and fecal
streptococci counts to be correlated with the increased rec
reational activity.
A microbiological study in Greenwater, Washington re
vealed that increases in human use correlated with increases
in bacterial densities and indicated that dispersed recrea
tional activity can affect water quality (Pacha, 1978).
Snyder (1980) examined water quality in the AnacondaPintlar Wilderness in Montana.

He concluded that trail

crossings of streams and lakeshores showed substantially
more contamination from fecal streptococci,than fecal coli
form, indicating a potential health hazard.
The rapidly increasing numbers of recreationists have
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created several management problems (Temple et al., 1980).
Among these are the heavy local concentrations of people and
the concomitant problem of human waste disposal.

The in

creased levels of recreation on public lands may be detri
mentally impacting valuable water resources.

McFeters (1975)

stated that management agencies are becoming justifiably
concerned with the effect of human use on the public health
safety of water.

MATERIALS AND METHODS
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Beaver Fecal Samples

Field Procedures.

There are three active beaver colonies

in the mainstem of Rattlesnake Greek.

Two are relatively

low in the drainage and one is located above Franklin Bridge.
(See Map B).

Samples of beaver feces were collected to de

termine if the beaver were infected with Giardia.

Sampling

consisted of wading throughout the entire pond system of
each colony and collecting all fecal samples encountered.
Fecal samples were retrieved using long handled "scoopers".
Cold water temperatures (1° C to 7°G) and deep water necessi
tated the wearing of wet suits or chest waders.
Twenty beaver fecal samples were collected on July 29
and September 25 in 1980.

Thirty-eight samples were col

lected on September 21, 1981.

Four sampling sessions in

1982 yielded sixty fecal samples.

These were collected on

July 26, August 17» September 30 and October 21.
Laboratory Analysis.

Samples were placed in separate

plastic bags and labeled with pond location.

The samples

were kept cool and transported within a few hours to Commun
ity Microbioloy Laboratory.

There they were microscopic

ally examined by Dr. J. M. Kinsella using the Zinc Sulfate
Concentration Method. (See Appendix A).

Samples were re

frigerated in instances where there was a delay in trans
porting them to the laboratory.
Problems of technique.

Particular care must be taken
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MAP B

Rattlesnake National Recreation Area and Wilderness
(as approved in Bill (S.3072) on October 19,1980)
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A" Beaver Fecal Sampling Sites
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during the collection and storage of beaver fecal specimens
to guard against freezing.

Freezing samples will destroy

Giardia cysts and render them undetectable (Kinsella, per
sonal communication; Hibler, personal communication).

Instream Filtering

In order to detect the presence of free floating Giardia
cysts in a water source, orlon yarn wound filters with a
porosity of seven microns were purchased from Fluid Tech
nology, Incorporated of Denver, Colorado.

The filters were

put into a flume developed by the Watershed Systems Devel
opment Group of the Forest Service in Ft. Collins, Colorado.
This portable filtering system is gravity fed, requires no
pump or power source and can be installed and left instream
for extended periods of time.

The three flumes used in this

study were acquired from the Arapaho-Roosevelt National For
est in Ft. Collins, Colorado. (See Plate 1).
Field Procedures.

Filters were placed in the flume and

a metal screen placed over the opening to prevent stream
debris from blocking the filter. (See Plate 2).

Three lo

cations for filter placement were chosen. (See Map G).

One

filter was placed below the lower beaver colony in Rattle
snake Creek.

The second filter was placed in Spring Gulch,

the lowest tributary in the Rattlesnake NRA.

The third fil

ter was installed just above the municipal water intake in

Plate It Photograph of flume and orlon filter

Plate 1
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Plate 2: Placement of flume/filter assembly into
Rattlesnake Creek

Plate
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Rattlesnake Creek.
Sampling Schedule.

Filtering was to take place every

four weeks from mid-July to mid-October according to the
Lolo National Forest Monitoring Plan for Rattlesnake Creek,
1982.

However, due to difficulties encountered with shipping

the flumes, the first filtered samples were not collected
until September 2, 1982.
Flow rate through the orlon filter was determined by
pouring water through the flume/filter assembly and cap
turing the discharge at the outlet end.
calibrated at one gallon per minute.

The flow rate was

The filters were left

instream for approximately 2^ hours to allow at least 1400
gallons of water to pass through the filter.

(See Table A).

The discharge of Rattlesnake Creek was measured at each
sampling location using a Marsh McBirney Direct Reading
Current Meter.

Due to the small size of Spring Gulch, the

flow was approximated by measuring the width and depth of a
cross section and estimating the velocity.

Discharge measure

ments provide a relationship between the amount of water in
stream and the number of gallons passing through the filter.
(See Table B).
Laboratory Analysis.

At the end of each sampling ses

sion, the filters were drained of residual water, labeled and
placed in individual plastic bags.

They were put on a com

mercially packaged ice pack and placed in an insulated ship
ping container.

Samples were sent by commercial bus to Dr.

TABLE

A

Rattlesnake Instreain Filtering Schedule

Filter
in Place

Filter
Removed

Sept. 2 at 0915 Sept. 3 at 1300
Sept. 27 at 1515 Sept. 28 at 1500
Oct. 19 at 1400 Oct. 20 at 1520

Sept. 2 at 1150 Sept.3 at 1215
Sept. 27 at 1400 Sept 28 at 1400
Oct. 19 at 1300 Oct. 20 at 1300

Time
Elapsed
27 hr. 45 min.
23 hr. 45 min.
24 hr.

Lllon
.Iter
1665
1425
1440

23 hr. 50 min.
24 hr.
24 hr.

1430
1440
1440

Sept 2 at 1115 Sept 3 at 1130
24 hr. 15 min.
Sept. 27 at 1330 Sept. 28 at 1330 24 hr.
Oct. 19 at 1330 Oct. 20 at 1300 23 hr. 30 min.

1455
1440
1410
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TABLE B

Stream Discharge Measurements

Location

Date

Rattlesnake Creek
Below Beaver Ponds

September 3

3^.2

September 28

55.^

October 20

38.1

September 3

35-9

September 28

55-5

October 20

38.8

Rattlesnake Creek
At Water Intake

Spring Gulch

Stream Discharge
cubic feet per second

September 3

2 (estimate)

September 28

2 (estimate)

October 20

2 (estimate)
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Charles Hibler at the Wild Animal Disease Center Pathology
Laboratory at Colorado State University, Ft. Collins, Colo
rado.

The filters were then backwashed and the orlon filter

blended.

This material was examined microscopically for the

presence of Giardia cysts using the Zinc Sulfate Concentra
tion Method. (See Appendix A).

Bacteriologic Samples

Field Procedure.

Bacteriologic water samples were taken

in sterilized plastic bottles at each of the three Giardia
filtering locations.

(See Map C).

Three samples from each

site were collected on July 27, August 17, September 27 and
October 19.

The samples were kept cool and transported with

in two hours to the Missoula City-County Health Department
for analysis.

There they were tested for total coliform, fe

cal coliform and fecal streptococci.
Bacterial Analysis.

Water samples were tested accord

ing to Standard Methods for Examination of Water and Waste
Water, l^l-th edition, 1978.

The membrane filter technique was

used for members of the coliform group and the fecal strept
ococci group, according to Linda Hedstrom of the Missoula CityCounty Health Department (personal communication, 1982).
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RESULTS AND DISCUSSION

Beaver Fecal Samples

A total of 118 beaver fecal samples have been collected
from the three active beaver colonies in Rattlesnake Creek.
Sampling occurred in 1980, 1981, and 1982.

Upon microscopic

examination, no cysts were detected in any of the samples.
(See Table C).
As cited previously, beavers have been incriminated as a
reservoir for Giardia.

The intent of this study was to de

termine if the indigenous beaver population in Rattlesnake
Creek was a possible source of infection.
In Missoula County, most of the giardiasis cases begin
to appear in August and increase in frequency throughout the
fall, according to the Missoula City-County Health Depart
ment (DeCou, personal communication).

Since 52 per cent of

the waterborne giardiasis outbreaks in the United States oc
cur between June and September (Craun, 1979) and more beaver
appear to exhibit signs of a Giardia infection in fall (Davies,
1981; Frost et al., 1980; Hibler, personal communication),
beaver fecal samples were collected in Rattlesnake Creek
within that time frame.

Hibler (personal communication) rec

ommended sampling every four to six weeks from mid-July until
freeze-up and previously stated in 1981 that September was a
good time to sample.
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TABLE G

Beaver Fecal Samples

Year

Number of
Samples

1980

20

0

1981

38

0

1982

60

0

118

0

Totals

Number of
Giardia cysts
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Significance of results.

Of the 118 beaver samples col

lected from the Rattlesnake beaver population, no samples
contained Giardia cysts.
In a similar study conducted by the Lolo National Forest
in 1980, seven beaver fecal samples were retrieved from Fishtrap Creek, 25 miles northeast of Thompson Falls, Montana.
Two Forest Service employees contracted giardiasis after drink
ing untreated water from Fishtrap Creek.

Six of the seven

beaver fecal specimens were positive for Giardia.

A link

between infected beaver and humans who drink untreated water
was established.

In addition, the results of the Fishtrap

Creek study proved that Giardia cysts in fecal samples could
be detected by the Zinc Sulfate Concentration Method used by
Dr. J.M. Kinsella at the Community Microbiology Laboratory
in Missoula, Montana.
Because no Giardia cysts have been identified in any of
the Rattlesnake beaver fecal specimens, it is likely that
the beaver are not infected at this time.

It is possible

that the beaver may be infected but are not shedding cysts.
In anticipation of this possibility, multiple sampling
sessions were scheduled during the period of most active cyst
shedding.
About 25 per cent of all beaver fecal samples examined by
Hibler at the Wild Animal Disease Center are infected with
Giardia (Hibler, personal communication).
are not the ultimate source of the problem.

Beaver, however,
In Hibler's
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(personal communication) opinion, 90 per cent of the Giardia
problem is due to the action of humans and their domestic
animals, primarily dogs.

Dogs are a particular problem in

the epidemiology of giardiasis.

They accompany man wherever

he travels and may defecate near streams.

According to Davies

and Hibler, (1979) a dog's propensity to roll in feces could
bring cysts home on it's coat.
Davies (1976) stated that dogs running loose were prob
ably of moderate importance in the epidemiology of Giardia.
Dogs could very well contaminate water sources and a pet
could become infected by ingesting feces contaminated with
Giardia or from drinking water containing cysts.

The dog

could then infect members of a household.
Lippy (personal communication) said that the isolated in
cidences of unknown source giardiasis experienced in Missoula
do not necessarily incriminate Missoula's water supply.

He

advised that the infected individual's pets be checked as a
possible source.
Davies (1981) listed the beaver as the most important
animal species and the dog second as the primary sources of
giardiasis.

Hibler (personal communication) in general sus

pects that all dogs shed Giardia cysts at some low level.
It is hypothesized that beaver become infected by water
contaminated with human feces.

During their annual spring

migration in search of new territory, beavers may carry the
infection to previously uninfected watersheds.

In the spring

of 1982, a beaver migrating downstream from one of the Rattle
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snake beaver colonies was removed from the Mountain Water
Intake.

The removal was not only due to the possibility

of a Giardia contamination but also,according to Mike Hillis,
wildlife biologist for the Lolo National Forest, because the
beaver's industrious work was interfering with the operation
of the water intake.
Creek is dynamic.

The beaver situation in Rattlesnake

There is a possibility that beaver from

an outside source may migrate into the watershed and contam
inate the water supply.
Continued monitoring of the beavers' activities and their
physical condition on a regular basis would provide insight
into the water quality of Rattlesnake Creek.

Because beaver

are susceptible to Giardia infections and are capable of
transmitting the illness to humans, Davies and Hibler (1979)
believe that beaver may be an excellent sentry animal for
Giardia.
Results indicate that Giardia is not a problem in Rattle
snake beaver at this time.

Conditions in the Rattlesnake

NRA parallel Davies (1981) Giardia studies.

Most of his pos

itive beaver fecal samples in Colorado were found in areas
of high human activity at elevations of less than 8000 feet.
In three river drainages, positive beaver samples were found
where human activity was high, yet, upstream from these areas
of high human use, the beavers were negative for Giardia.
indicating a relationship between human activity and infected
beaver.

3^

Beaver are not a Giardia problem in Rattlesnake Creek
at this time.

Their health reflects the overall health and

quality of Rattlesnake Creek and relates to the types of
dispersed human activities in the watershed.

The beaver are

a useful management tool in determining at what level of
human use Missoula's water system may be negatively impacted
by the presence of Giardia organisms.
Removing beaver altogether from the watershed because
they could possibly harbor Giardia organisms is an ill-advised
maneuver (Lippy, personal communication).

Greg Munther,

fisheries biologist for the Lolo National Forest pointed out
how valuable beaver dams are in the maintenance of water qual
ity.

The dams collect stream sediments thus reducing the

turbidity and sediment load of stream courses.

Excessive

turbidity shields bacteria and makes water treatment diffi
cult.

In addition, if dams are not maintained by the beaver,

changes in the valley bottom, reductions in wildlife and
fisheries habitat * lowering of the water table, and stream
channel changes could result.
Lippy (1981) recommended forestry practices that replace
deciduous trees with conifer species, thereby limiting the
beavers' food supply along waterways and around reservoirs
to discourage beaver habitation.

This method coud be es

pecially helpful in the vicinity of the Mountain Water in
take to prevent future beaver residences in this vulnerable
area.
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Hibler (personal communication) and Lippy (personal com
munication) both advised that the beaver not be removed from
Rattlesnake Creek unless there was a clear and demonstrated
problem with Giardia in the water or beavers were Giardia
positive.

Even if the beavers do become infected, Hibler

(personal communication) suggested that ehe beaver colonies
may be located far enough above the water intake to allow the
cysts to settle out and not pose any danger to Missoula's
water users.

Hibler did not indicate what a safe distance

would be, however, he is currently investigating this problem.

Instream Filtering

There is some controversy as to the efficacy of filter
ing for Giardia cysts.

The cysts are approximately seven to

ten microns in width and eight to fourteen microns in length
(Gerardi, 1982).

The orlon yarn wound filter has a poros

ity of seven microns (Williams, 1981) and can effectively
filter out the cysts.

Jakubowski and Ericksen (1979) believe

the filter to be 95 per cent efficient.

The filtering tech

nique has successfully recovered cysts from Giardia contamin
ated water, as cited previously.

The problem, however, lies

in recovering cysts from the filter (Jakubowski and Ericksen,
1979? Lippy, personal communication).

Lippy (personal com

munication) of the EPA reports there is a five to fifteen
per cent rate of cyst recovery.

Although the EPA has had

some success with the method, in disease outbreaks with a
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fifty per cent attack rate, no cysts were recovered.
Jakubowski and Ericksen (1979) obtained a mean rocovery
rate of cysts from filters of 58 per cent with a range of re
covery of 12 to 139 per cent.

The difficulty lies in homo-

genating or blending the filter.

Although Jakubowski and

Ericksen (1979) believe that the cyst recovery technique is
inadequate, they do suggest modifications to increase the
efficiency of recovery.
The original EPA filtering method suggested the filter
ing of 1^00 gallons of water in a twenty-four hour period
(Jakubowski et al., 1978).

The filtering of such large vol

umes of water, however, may hinder the detection of Giardia
cysts if the water source was unclean.

Jakubowski and Erick

sen (1979) recommended filtering 100 gallons of water depend
ing upon the turbidity.
During the summer and fall months, Rattlesnake Greek
runs quite clean and has a low level of turbidity.

The ex

ceptional water quality coupled with a probable low concen
tration of Giardia cysts permitted an extended filtering per
iod.

Because Rattlesnake Creek is such a good quality water

source, Hibler (personal communication) stated that the ex
tended filtering period would be appropriate.

Stream sedi

ment would probably not overload the filter and make cyst
detection difficult.
Technique problems.

Examination of the first sampling

filters on September 2 at the Wild Animal Disease Center Path
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ology Laboratory posed problems also.

Jakubowski and Erick

sen (1979) recommended storing and shipping samples as soon as
possible after sampling.

Higher temperatures may result in

the growth of undesirable organisms which could make cyst de
tection difficult.

In spite of dealing with limited commer

cial bus service out of Missoula, all ice cooled filters ship
ped in insulated containers were received in good condition
in Ft. Collins, Colorado.
Significance of results.

None of the nine filters exam

ined by Dr. Hibler at the Wild Animal Disease Center Pathol
ogy Laboratory were positive for Giardia.

A negative sample,

however, does not necessarily mean that a water supply is
safe.

These findings may reflect intermittent contamination

of the water source, poor recovery efficiency from the fil
ters, insufficient sample volume or infrequent sampling (Jak
ubowski and Ericksen, 1979)*

There may be very low concent

rations of Giardia cysts present in the Rattlesnake water
which would require that larger volumes of water be sampled
in order to capture any cysts.
As cited previously, there are problems in recovering cysts
from the orlon wound filter.
laboratory procedure.

Some cysts may be lost in the

Hibler (personal communication) ex

pressed confidence that if cysts were present in the filters,
the Pathology Laboratory would be able to detect them.
Cysts may inhabit upper reaches of Rattlesnake Creek or
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Spring Gulch.

However, because the cysts have a density

slightly greater than water, they may have settled out be
fore reaching the sampling sites (Kirner et al., 1978; Hib
ler, personal communication).
Results of instream filtering indicate that if Giardia
is present in the Rattlesnake watershed, concentrations are
too low to detect and likely low enough to preclude contam
ination of the municipal water supply.

The methodology in

volved with filtering has unfortunately not evolved to the
point which would absolutely guarantee a Giardia-free pro
duct.
Had a cyst or cysts been recovered during the filtering
process, the significance of the finding would be subject to
debate.

According to Davies and Hibler (1979) and Juranek

(1979)» Giardia cysts found in water may come from a variety
of different animals and not all these cysts are infectious
to humans.

The Giardia organism cannot be cultured in the

laboratory which therefore limits its availability for study.
To date, the only method for determining the viability of
Giardia cysts is infecting laboratory animals (Kirner et al.,
1978).

There has been no truly suitable method by which a

determination might he made as to cyst viability and infectivity, outside of experimental infection.

Without such a

technique, Williams (1981) has stated that cysts isolated
from water have revealed little information as to potential
human impact.
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Finding Giardia cysts in Rattlesnake Creek would there
fore only indicate that a possible contamination situation
exists.

In order to determine if the cysts were a potential

source of infection in humans, infected water would have to
be fed to pathogen-free laboratory animals.
Filtering sites.

One filter was placed in the main stream

below the lower beaver pond, approximately one mile above
the Sawmill Gulch entrance gate.

If the beaver were infected

with Giardia and cysts were not being detected during fecal
sampling, free floating cysts may be filtered directly from
the stream.
The second filter was placed in Spring Gulch, the lowest
tributary in the NRA,
amount of human use.

This creek sustains a significant
In 1977» approximately ^7 per cent and

in 1981 31 per cent of visitors to the RNRAW selected the
Spring Gulch Trail (Corti, Petersen and McCool, 1982).

Spring

Gulch was a suspected source of a Missoula resident's giard
iasis infection in 1981 (DeCou, personal communication).
Since there are no beaver colonies to monitor in Spring Gulch
and a Giardia contamination was possible, filtering was em
ployed at this site.
The third filter was installed just above the municipal
water intake in Rattlesnake Creek.

Filtering at this loca

tion would capture any Giardia cysts that had not settled out
before entering the water treatment facility.
It was hoped that if Giardia cysts were recovered from
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the vicinity of the beaver pond and were not recovered at the
water intake, one could conclude that the beaver were a safe
enough distance from the water treatment facility.

The cysts

would have settled out and relocation of the beaver would not
be necessary.

If cysts were recovered at the intake and not

at the beaver pond, this might suggest another Giardia res
ervoir, the source of which would have to be investigated.
If Spring Gulch were positive for Giardia. it could be con
firmed as a contaminated water source.

This information

could then be made available to recreationists in the NRA in
the interest of public safety and health.
Since no cysts were recovered at any of the three filter
ing sites, no such associations could be made.

Bacteriologic Samples

Drinking water is examined for evidence of fecal pollution
by noting the presence or absence of organisms specifically
identified with sewage.

A group of bacteria, the coliform

group, whose normal habitat is the large intestine of humans
and animals is used to set standards for drinking water.
Fecal coliform indicate recent pollution with fecal mat
erial.

Fecal streptococci are also used as an indicator of

fecal pollution.

They also occur in the intestinal tract

of man and all other warm-blooded animals.

According to Auk-

erman and Springer (1976) presence of these bacteria in water
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can be accepted as proof of fecal contamination "by warm
blooded animals including man.

They are very significant in

evaluating the potential health hazard of a water body.
Not all coliforms belong to the fecal group.

Some col-

iforms live naturally in the soil and in organic matter.

A

total coliform test indicates contamination from either fecal
or non-fecal origins or both.

The overall population of bact

eria is counted, regardless of the source.

Because the source

of pollution is difficult to determine with a total coliform
count, a fecal coliform count is more reliable in indicating
fecal contamination (McFeters, 1976).
The ratio of fecal coliform to fecal streptococci (FC/FS)
can determine the exact origin of contamination (McFeters,
1976).

A high ratio of ^:1 or greater indicates human origin.

A low ratio of 1:0.7 or less indicates animal origin (McFeters,
1976; Taylor and Neher, 1978).
Routine coliform counts are inadequate to evaluate the
presence or absence of Giardia cysts (Craun, I98O).

Giardia

cysts have been found in water supplies when coliforms have
been absent (Craun, 1980; Gerardi, 1982).

The use of bact-

eriologic indicators is not particularly useful when dealing
with Giardia organisms because they will not substantiate
whether the water is pathogen-free.

Bacteriologic monitor

ing however, may provide some insight into the effects of
recreation upon the water quality of Rattlesnake Greek and
in turn indicate whether a Giardia infection may become a
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higher probability.
Due to the inconclusive link between bacteriologic samp
ling and the effects of dispersed recreation upon water qual
ity, the bacteriologic portion of the Rattlesnake Monitor
ing Plan was not intended to be a rigorous bacteriologic ex
amination.

Samples were collected at the three instream fil

tering sites to:
1)

assess the baceriologic contribution from inten
sive recreational activity along the Spring
Gulch trail

2)

monitor bacterial counts from the lower beaver
colony

3)

compare the bacteriologic counts to those of the
raw water entering Mountain Water's intake.

Due to financial restrictions and manpower limitations,
samples were taken only for the purpose of providing some
baseline information on the water quality at the monitor
ing sites.

The data are to be used only in a comparative

sense to indicate if a possible adverse impact is occuring
with any accelerated levels of human activity in the Rattle
snake watershed.

A change in fecal coliform to fecal strept

ococci ratios (FC/FS) over time may provide some insight into
the source of fecal pollution; whether it is human or animal
source.

Such knowledge may give valuable feedback as to the

effect of Rattlesnake NRAW management policies. (See Table D).
Presently the FC/FS ratios achieved in 1982 were all less
than 1.0 which indicates nonhuman sources of pollution.
Table E).

If Giardia is suspected in Missoula's water,

See
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TABLE D

Results of Bacteriologic Sampling

Location
Municipal
Intake

Lower Beaver
Colony

Spring Gulch

Date

Total
Coliform

Fecal
Coliform

Fecal
Streptococci

7/27
8/17
9/27
10/19

7
11
50
58

5
6
37
1

30
8
38
2

7/27
8/17
9/27
10/19

47
3
36
71

15
3
17
1

26
11
60
4

7/27
8/17
9/27
10/19

5
8
38
146

3
4
8
1

75
64
47
3
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TABLE E

Bacteriologic Monitoring
Fecal Coliform/Fecal Streptococci Ratios

Date

Location

FC/FS

Ratio

7/27
8/17
9/27
10/19

Water Intake

5/30
6/8
37/38
1/2

.17
.75
.97
.50

7/27
8/17
9/27
10/19

Lower Beaver
Colony

15/26
3/11
17/60
LA

.60
.27
.28
:_2Ji

7/27
8/17
9/27
10/19

Spring Gulch

3/75
4/64
8/47
1/2

.04
.06
.17
03
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bacteriologic monitoring over time can indicate if any trends
in animal or human source bacteria have been evident.
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RECOMMENDATIONS

FOR THE MONITORING PROGRAM

Beaver Fecal Samples
Continue monitoring the indigenous beaver population of
Rattlesnake Creek as an early warning system to detect the
presence of Giardia.
Mdnitor every 4 to 6 weeks from mid-July until freeze-up.
Monitor beaver activities along the stream bank in early
spring for evidence of new cutting and seasonal migration.
Do not remove the beaver from Rattlesnake Creek unless
there is a demonstrated Giardia problem.

Instream Filtering
The characteristics of the Rattlesnake watershed and
historic use indicated that this is a high risk area.

In

stream filtering should continue on a monthly basis from
mid-July until mid-October.

Monitoring during this time

period would sample the months when a Giardia epidemic is
most likely to occur.
Monitor at the established sensitive sites; Spring Gulch,
the lower beaver colony and the Mountain Water Intake.

Bacteriologic Samples
In the interest of compiling baseline bacteriologic
water quality data, water sampling should continue at the
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established sites.
The water sampling schedule should be amended to include
water samples during the month of June.

This is historic

ally the month when precipitation accumulations are great
est.

This would provide information during the period when

the soil is saturated with moisture and runoff peaks are
highest.

One could obtain the microbiological contributions

of areas adjacent to the stream and evaluate the numbers of
bacteria being washed into the study area.
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RECOMMENDATIONS FOR THE RATTLESNAKE WATERSHED

Water quality protection of Rattlesnake Creek must gov
ern all other uses.

The watershed is designated "A-Closed"

by the Montana State Department of Health and Environmental
Sciences.

It is protected by law and no activities which

result in deterioration of the water quality are allowed.
Recreational activities adjacent to Rattlesnake Creek
and its tributaries should be limited.

This is especially

important in the sensitive area within three miles of the
Mountain Water Intake.

Overnight camping should not be per

mitted in this area nor should recreational facilities for
picnicing be allowed.

The hiking trail proposed from the

Missoula City limits to the NRA should bypass the area be
tween the Mountain Water Intake and the Sawmill Gulch En
trance.

The trail should be rerouted along Rattlesnake

Drive.
A more comprehensive and intensive education program
needs to be instituted.

On-site and off-site (schools and

public groups) programs would help inform the public as to
the importance and benefits of protecting the municipal
water supply.

This would also promulgate preferred pract

ices and appropriate behavior when utilizing the NRAW.
These practices would include the following!
Recreationist should not drink untreated water
Boil all raw water to destroy Giardia cysts
Dispose of wastes 100 feet from open water (Davies,
1981; Johnston, 1978)

4-9
Dispose of all wastes by digging a six to eight inch
hole and covering it
Keep pets and pack animals away from water
Use toilet facilities when they are provided,
Beattie (1963) believes that the presence of more people
in a watershed may result in improved water quality because
of better management, stricter regulations, better enforce
ment and a better informed public.
Concomitant to the education program is the necessity
for providing directional and informational signs.

Visitors

to the NRAW should be informed that the area is a municipal
watershed, be given alternatives to recreating along the
waterways and be informed as to the location of outdoor toi
let facilities.
Dogs should not be allowed along the mainstem of Rattle
snake Creek and Spring Gulch.

This recommendation is based

on Hibler's research in which he suspects all dogs shed
Giardia cysts at some low level (personal communication).
An examination initiated by the Lolo National Forest in 1981
found that 50 per cent of the dog feces samples collected
along the lower reaches of the Rattlesnake Trail were positive
for Giardia.

This indicates that there may be a Giardia prob

lem among Missoula's dog population according to Arne Rosquist of the Lolo National Forest (personal communication).
Corti et al. (1982) report that 30 per cent of the Rattle
snake NRA's visitors bring their dogs with them.

There is a

tremendous potential for dogs to affect the water quality
detrimentally.

Hibler (personal communication) definitely
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agreed that prohibiting dogs in the Rattlesnake watershed
would be beneficial in protecting the water supply from
Giardia.

Hibler also stated that if the Rattlesnake water-

whed has beaver, dogs and people, the water system is at risk.
If the banning of dogs in the Rattlesnake watershed is
found to be unenforceable, at the very least a leash law
must be instituted and enforced.

Dogs should not be allowed

on those trails adjacent to creeks.
More self contained outdoor toilets must be made avail
able to the public and they should be encouraged to use them.
Presently, during the fall and winter season there are two
toilets located at the Sawmill Gulch entrance gate.

There

are no facilities for those who continue along Rattlesnake
Creek or the Spring Gulch Trail.
It is essential that the excellent water quality of
Rattlesnake Creek be protected.

There are fifty residences

currently situated above the water intake.

Although there

is a potential for these residences to affect Rattlesnake
water, growth in the area is limited.

The Missoula City-

County Health Department feels that the Rattlesnake water
system is protected from a potential pollution hazard in
spite of the homes (DeCou, personal communication).
Water from Rattlesnake Creek feeds into the Mountain
Water system via gravity which reduces power requirements
and costs to the consumer.

If the Rattlesnake water became

contaminated, Lee Magone (personal communication) stated
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that Mountain Water would resort to using more ground water.
This dependence upon ground water and abandonment of the sur
face intake would be expensive and energy intensive.

The

distribution system would have to be resized (DeCou, person
al communication) and more pumps would increase operational
costs.

In addition, the recent revelation of high levels of

arsenic and other heavy metals in sediment behind Milltown
Dam and in area wells (Missoulian. 1982) would indicate a
serious potential pollution hazard.

Dr. J. Moore of the

University of Montana Geology Department (personal communi
cation) believes the high concentrations of arsenic are cap
able of contaminating ground water in the Missoula area.
Missoula residents do not have control over historic or cur
rent uses upstream along the Clark Fork River.

According to

Dr. W. Woessner of the University of Montana Geology Depart
ment (personal communication), dependence upon the aquifer
which is recharged 80 per cent by the Clark Fork River may
lead to serious consequences.
Taylor and Neher (1978) recommend that in areas of the
Rattlesnake watershed where human and animal activities are
proximal to creek banks, the runoff into the stream channels
should be reduced with erosion or flood control practices
and/or limiting the extent or nature of human use and ani
mal activites near the channels.

This should reduce micro

biological contamination and improve water quality in the
creek.

This is especially important in the vicinity of the

Sawmill Gulch parking lot.

Erosion from the parking area

is channeling sediments directly into Rattlesnake Creek.
Co-operation and dialogue must continue among admini
stering and interested parties concerning management of the
Rattlesnake NRAW.

This would include the Lolo National For

est, Mountain Water Company, Missoula City-County Health
Department, State Water Quality Bureau and various civic
groups.

It is important that input and concerns of these

organizations "be discussed and realized.

Each has a vested

interest in the management and policies of the NRAW.

Co

operation among them would insure protection of the water
supply and regulations that all can live and abide by.

Recommendations for Missoula's Water System

As cited previously, most municipal outbreaks of giardi
asis have occurred in areas where surface water was used,
chlorination was the principle method of disinfection and
water treatment did not include filtration.
There has been concern expressed as to the ability of
chlorine to deactivate Giardia cysts.

Meyer (1981) found

that the effect of chlorine on Giardia cyst viability was
dependent upon chlorine concentration, pH of the water,
chlorine-cyst contact time and water temperature.

Jarroll

et al. (1981) demonstrated that viable Giardia cysts can be
destroyed by chlorine and at lower concentrations than those
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previously tested.
the water.

Especially important is temperature of

Chlorine has a reduced cysticidal capacity in

cold water which enables Giardia cysts to survive for longer
periods of time.

Water temperatures in many areas which

experienced giardiasis epidemics have cold water tempera
tures (Jarroll et al., 1981} Meyer and Jarroll, 1980).
These findings are especially pertinent when discussing
the possibility of a Giardia contamination in the Rattle
snake watershed.

Water temperatures are traditionally quite

cold and range from 7°C in July to 1° C in October.

Cyst

survival at these temperatures can be dnywhere from one to
four months.
Missoula's water treatment facility relies solely upon
chlorination as a means of disinfection.

Because of the

cold water temperatures and this singular barrier approach
to water treatment, protection from a Giardia epidemic is
not guaranteed.

Increasing the chlorine concentration to

destroy cysts may cause other problems.

Lippy (1981) noted

that undesirable treatment by-products caused by the reaction
of chlorine with organic material produces trihalomethanes.
There is some concern that these compounds may be carcinogenic.
The multiple barrier concept is the preferred method in
preventing Giardia outbreaks (Craun, 1979? Logsdon et al.,
1981).

Surface water should receive some type of pretreat-

ment, sedimentation and filtration.

Pretreatment involves

the addition of chemicals which allow particles to collect

5k

into larger or heavier aggregates which are then removed by
sedimentation, filtration or both.

Sedimentation is the

removal of suspended matter by allowing it to settle.

Fil

tration of water through sand, anthracite, diatomite and
other fine grained materials removes the fine particulate
matter.

Through this series of treatment operations, the

Giardia cysts would be removed from the water.
The installation of such a system to Missoula's water
treatment plant would cost about $6 million according to
Magone (personal communication).

In Colorado, filtration

is required by law on all municipal water systems.

Logsdon

and DeWalle (1981) stated that the multiple barrier concept
should be employed to treat water likely to contain Giardia
cysts.
Logsdon et al. (1981) advise that water utilities located
in regions where giardiasis outbreaks have occurred and rely
on disinfection only should look toward a long range solu
tion by installing a filtration plant.
In light of the fact that Missoula's water consumers
and Mountain Water may not have the six million dollars
necessary to install a filtration plant, some adjustments
in the existing water treatment facility are advised by Hibler (personal communication).

He suggests modifying the

water system to reduce the number of cysts drawn into the
intake byi
Building a collection da.m to lower water velocity
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and allow cysts to settle out
Have the water intake situated so that it draws
water from near the surface instead of from the
bottom of the stream.
Orient the intake perpendicular to the direction
of stream flow
Build a coarse gravel dam with a collector pond
below it so that the gravel dam would filter out
some of the cysts
Build an infiltration gallery to replace a surface
water intake which would also reduce the number of
cysts entering the water supply.

Although these recommendations are intended to reduce
the likelihood of a Giardia epidemic, they are not a sub
stitute for a filtration system.

These system changes will

offer some protection at a greatly reduced cost to the con
sumer and utility.
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Conclusion

Although Giardia is not now a problem and no Giardda
organisms have been detected in beaver fecal samples or instream filters, we may still anticipate a future outbreak
according to Hibler (personal communication).

Without a

filtering system at the Mountain Water treatment facility,
simple chlorination may not be adequate to prevent a Giardia
contamination.

Rattlesnake Creek has nearly all the charact

eristics of water supplies which have experienced epidemics.
Dispersed recreationists, dogs, beaver, cold water tempera
tures, and simple chlorination water treatment all increase
the likelihood that Giardia cysts could infiltrate Missoula's
water supply.
Special attention must be given to the vulnerable creek
side area which, to date, has experienced a disproportionate
share of recreational activity.

Public compliance and

enforcement of regulations may be difficult.

The key, how

ever, to implementing effective water quality regulations
must focus upon education.
resource is essential.

Protection of a valuable water

It is equally important that visit

ors to the Rattlesnake NRAW understand and participate in
the management process to insure that their actions do not
jeopardize public health.
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APPENDIX A
ZnSO^ Centrifugal-Flotation Technique

For many years some physicians used the ZnSO^ technique
for demonstrating the gastrointestinal parasites of humans.
The technique was never extensively used however, because
some of the parasites (flukes) of humans could not be read
ily demonstrated by this method. In searching for a satis
factory technique to demonstrate Giardia canis cysts in the
stool of dogs, we modified the ZnSO, technique and found it
to be highly successful for all- gastrointestinal and lung
parasites of the dog and cat. This technique is quite satis
factory for: Giardia, Entamoeba , Coccidia, Ancyclostoma,
Uncinaria, Toxocara, Toxascaris, Trichuris, Stronqyloides,
Troqlotrema, Paraqonimus, Filaroides, Aelurostronqylus, and
all tapeworms. However, since tapeworm eggs are seldom shed
where they will mix with the feces, these eggs are seen in
frequently. Probably, the eggs of Physaloptera and Spirocerca can be demonstrated by this technique but we have not
•s-een any cases of infection and therefore have not evaluated
ZnSO^ for this purpose.
Equipment needed:
Centrifuge tubes
Coverslips
Microscopic slides
Centrifuge
Lugol's iodine
ZnSO^ (sp. g. 1.18)
Methods:
The ZnSO. at a specific gravity of 1.18 is made by ad
ding 331 grams of ZnSO, to 1000 ml of water: however, since
ZnSO, is hygroscopic, 331 grams is seldom sufficient and
a hydrometer must be used to adjust the specific gravity.
This liquid keeps forever, so large quantities can be made
ahead. The Lugol's iodine is made by adding 10 grams of
Potassium Iodide and 5 grams of Iodine to 100 ml of distilled
water. Store this in a brown bottle, otherwise it will lose
strength.
The technique is to take a small bit of fecal matter
(about the size of a large green pea) and place in the
centrifuge tube. Five or six drops of iodine is added and
the two thoroughly mixed. The tube is then filled half way
with ZnSO, and thoroughly mixed. ZnSO^ is then added until
the meniscus bulges slightly and a coverslip placed on top.
This is then centrifuged at 2300 rpm for three minutes )in
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slower centrifuges, spin for 5 minutes). The coverslip is
removed and placed on a slide for microscopic examination.
The purpose in using the iodine is to stain Giardia
and Entamoeba cysts, otherwise you could not see them. Be
cause of the iodine, the ascarid, tapeworm, and hookworm
eggs and larvae of Strongyloides or lungworms would likewise
take a yellow color. Larvae are not distorted but Giardia
will begin to distort in 10 to 15 minutes.
This entire method requires about 5 minutes in the hands
of experienced personnel; which is about 5 minutes less
time than other techniques and is considerably more effect
ive. A swinging-head centrifuge must be used; fixed head
centrifuges will throw the coverslip.

